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Background:  Acanthamoeba  polyphaga  mimivirus  (APMV),  the  largest  known  virus,  has  been  studied  as  a
putative  pneumonia  agent,  especially  in hospital  environments.  Despite  the  repercussions  of  the  discov-
ery of  APMV,  there  has  been  no study  related  to the  control  of  APMV  and  the  susceptibility  of  this  virus
to  disinfectants.
Objectives:  This  work  investigated  the  virucidal  activity  against  mimivirus  of  chemical  biocides  commonly
used  in  clinical  practice  for  the  disinfection  of hospital  equipment  and  rooms.
Study design:  APMV  was  dried  on  sterilized  steel  coupons,  exposed  to different  concentrations  of alcohols
(ethanol,  1-propanol  and  2-propanol)  and  commercial  disinfectants  (active  chlorine,  glutaraldehyde  and
benzalkonium  chloride)  and  titrated  in  amoebas  using  the  TCID50  value.  The stability  of  APMV  on  anosocomial infection inanimate  surface  was also  tested  in  the  presence  and  absence  of organic  matter  for  30  days.
Results:  APMV  showed  a high  level  of resistance  to chemical  biocides,  especially  alcohols.  Only  active
chlorine  and  glutaraldehyde  were  able  to decrease  the  APMV  titers  to  undetectable  levels. Dried  APMV
showed  long-lasting  stability  on  an inanimate  surface  (30 days),  even  in  the  absence  of organic  matter.
Conclusions:  The  data  presented  herein  may  help  health  and laboratory  workers  plan  the  best strategy  to
control  this  putative  pneumonia  agent  from  surfaces  and  devices.
© 2012 Elsevier B.V. . Background
Several virus species can hypothetically be transmitted to hosts
ia contaminated inanimate surfaces, including plastics, metals
nd glass.1–4 Many of these agents exhibit long-lasting stability
n surfaces, especially when organic matter, as feces, blood and
ther body ﬂuids, is present.1,4,5 In the last several decades, the
edical and scientiﬁc community has shown an increasing con-
ern regarding the control and prevention of infectious agents in
ospital environments and on medical devices.4,5 In this context,
he choice of disinfectant is critical; the proper disinfectant must
e chosen to allow the control of a broad range of microorganisms
nd, consequently, to reduce the number of cases of nosocomial
nfections. Viruses are worth attention because when dried on
nanimate surfaces, they may  also display a higher tolerance
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Open access under the Elsevier OA license.to disinfection than when hydrated in suspension.4,5 Due the
structural and chemical variability observed among different
viruses found in hospital environments, these viruses have distinct
susceptibility proﬁles to disinfectants.3,5 Emergent viruses deserve
special attention because there are typically little or no data related
to disinfection methods that are effective against them.
Acanthamoeba polyphaga mimivirus (APMV), the largest known
virus, has been studied as a putative pneumonia agent.6,7 This
virus was ﬁrst isolated from a water-cooling tower in Bradford,
UK, after a pneumonia outbreak and was  reported to infect A.
polyphaga amoebas.6 The association of APMV with pneumonia was
strengthened after documentation of seroconversion of patients
with community- and hospital-acquired pneumonia to APMV,
which suggests these patients may  have had contact with APMV
or a cross-reacting agent.8,9 La Scola and colleagues 2005 also
report that APMV DNA was  ampliﬁed from bronchoalveolar lavage
specimens of 32 ICU patients with hospital-acquired pneumonia.
However, bronchoalveolar lavage from 21 ICU patients without
Open access under the Elsevier OA license.pneumonia also tested positive for PCR.8 In addition, a case of
pneumonia-like disease caused by APMV was described in a lab-
oratory technician who  worked with mimivirus and showed APMV
seroconversion.10 Recent studies showed the capacity of APMV
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Fig. 1. Experimental design to test the recovery of the Acanthamoeba polyphaga mimivirus (APMV) from stainless steel coupons. (A) Ten microliter of virus (containing a total
of  5 × 106 TCID50) was  deposited onto each of several sterile 1 cm × 1 cm stainless steel coupons, which were then allowed to dry for 40 min  in a biological safety cabinet.
Then,  50 L of each biocide was  independently deposited onto each coupon, and the coupons were incubated for 1 or 5 min  at 20 ◦C. Test coupons were transferred into
950  L of PYG medium supplemented with 7% FCS for disinfectant inactivation. Coupons were vortexed for 60 s for virus release, and the supernatants were submitted to
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n  amoebas (TCID50). The mean values of independent triplicates with standard er
o infect human phagocytes, resulting in productive replication.11
ntra-cardiac inoculation of APMV in a mouse model is associ-
ted with pneumonia.12 APMV has a giant (∼650 nm)  capsid with
ve-fold symmetry that is composed of many protein layers.13–15
rotruding from the capsid, APMV has uncountable resistant and
exible ﬁbers, whose functions are still under investigation. Within
he capsid, there are two electron-dense layers that are most likely
embranes, and within these layers, there is a membrane sac
urrounding the genomic material.15 Therefore, APMV has a com-
lex structure protecting its double-stranded DNA genome. This
omplex structure may  inﬂuence viral stability under different
nvironmental conditions. Despite the repercussions of the discov-
ry of APMV in hospital environments, there has been no study
elated to the stability of this virus in the presence of disinfectants.
his work investigated the virucidal activity of chemical biocides
ommonly used in clinical practice for the disinfection of hospital
quipment and rooms against mimivirus.
. Study design
.1. APMV preparation
APMV particles were isolated and puriﬁed from infected amoe-
ae as previously described.8 Brieﬂy, Acanthamoeba castellanii
TCC 30234 were grown in 75 cm2 cell culture ﬂasks (Nunc, US)
n PYG medium supplemented with 7% fetal calf serum (FCS,
ultilab, Brazil), 25 mg/mL  fungizone (amphotericin B, Cristalia,
ão Paulo, Brazil), 500 U/mL penicillin and 50 mg/mL  gentam-
cin (Schering-Plough, Brazil). After reaching conﬂuence, thewas either incubated in suspension or dried on steel coupons before virus titration
re shown.
amoebas were infected with APMV and incubated at 37 ◦C until the
appearance of a cytopathic effect. APMV-rich supernatants from the
infected amoeba were collected and ﬁltered through a 0.8-m ﬁl-
ter to remove amoeba debris. The viruses were then puriﬁed using
a gastrografﬁn gradient (45–36–28%), suspended in PBS and stored
at −80 ◦C. The titer of the virus after storage, calculated by the Reed
Muench method using Acanthamoeba catellanii ATCC 30234, was
5 × 108 TCID50/mL.
2.2. Chemical biocides
Chemical biocides commonly used in clinical practice for the
disinfection of hospital equipment and rooms were selected. Sur-
face disinfectants used in health care and other medical settings
often contain alcohols. Therefore, the resistance of APMV to 1-
propanol, 2-propanol and ethanol was tested (Merck, Germany). In
addition, commercial bleach (active chlorine), quaternary ammo-
nium (benzalkonium chloride) and glutaraldehyde disinfectants
were assayed. A total of four concentrations of each disinfectant
were tested, including those recommended by the manufactur-
ers on the product labels according to use as a disinfectant or an
antiseptic. All biocides were tested for 1 and 5 min.
2.3. Disinfection testAccording to the European Committee for Standardization
guidelines, interfering substances were prepared by washing
sheep erythrocytes in phosphate-buffered saline (PBS) and adding
3 mL  of packed erythrocytes to 97 mL  of a 0.22 mm-ﬁltered,
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Fig. 2. Activities of different alcohols against APMV. Ethanol, 1-propanol and 2-propanol were tested for their efﬁcacy in inactivating APMV on steel coupons. The con-
centrations of the alcohols ranged from 10% to 70% with an exposure time of (A) 1 min  or (B) 5 min. Viral infectivity was determined in triplicate using the TCID50
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0 g/L bovine serum albumin (BSA) (Cultilab, Brazil) suspension
n water. This mixture was added to each viral suspension at a
nal concentration of 10%. Ten microliter of virus (containing
 total of 5 × 106 TCID50) were deposited onto each of several
terile 1 cm × 1 cm stainless steel coupons and allowed to dry for
0 min  in a biological safety cabinet (Fig. 1A) 4,5. Fifty microliter
f a biocide was independently deposited on to each coupon for
 or 5 min, at 20 ◦C. The test coupons were transferred into 950 L
f PYG medium supplemented with 7% FCS for disinfectant inacti-
ation. The coupons were then vortexed for 60 s for virus release
Fig. 1A). These solutions were diluted ﬁve- or ten-fold and used in
irus titration assays in 96-well plates. Any loss of virions due to
rying and recovery from the coupons was veriﬁed and quantiﬁed.
ytotoxicity controls were performed for all tested chemical
iocides. Cytotoxicity was determined by examining amoebas
y microscopy for any signiﬁcant changes in the cell monolayer
nd was calculated analogously to the virus titer (TCID50/mL).Sterile water was  used in place of disinfectant in the negative
controls.
2.4. Virus titration
Samples were serially diluted (1/10) in PYG medium, and 100 L
was inoculated onto 105 amoeba seeded in a 96-well Costar®
microplate (Corning, NY) on the previous day (8 wells per dilution,
200 L ﬁnal volume). Plates were incubated for 4–6 days at 32 ◦C
to determine the infectious dose to 50% (TCID50/mL).16
2.5. APMV stability on inanimate surfaceTo test the stability and inactivation of APMV on inanimate sur-
faces, the bronchoalveolar lavage (BAL) ﬂuid of a healthy patient
was collected. This sample was submitted to an APMV nested-PCR,9
and no speciﬁc viral fragments were ampliﬁed. The effect of BAL on
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nactivating APMV on steel coupons. The concentrations of the active agents rang
enzalkonium chloride. Dried virus on coupons was exposed to disinfectants for (A
he APMV stability was tested by mixing the BAL ﬂuid and the virus
uspension in a 1:1 ratio in a total volume of 20 L before the dry-
ng procedure. The viral stability was also tested in a solution of
heep erythrocytes + BSA (SEB), as previously described, and with
o addition of organic matter. Stainless steel coupons were placed
n Petri plates and exposed to room temperature for 30 days. The
mount of stable virus was determined by titration. All tests were
erformed in triplicate.
. Results
.1. Virus recovery from coupons
To test the APMV recovery from stainless steel coupons, sterile
ater was added to the dried virus instead of disinfectants (Fig. 1A).
he use of sterile water allowed the estimation of virus recovered
fter drying. The average of the triplicates showed a decrease of
ess than one log in the titer of the virus after recovery from dried
oupons relative to the virus titer in solution. This was  not a signif-
cant titer reduction (Fig. 1B).orine, glutaraldehyde and benzalkonium chloride were tested for their efﬁcacy in
m 0.003% to 3% for active chlorine and glutaraldehyde and from 0.001% to 1% for
 or (B) 5 min. Viral infectivity was determined in triplicate using the TCID50 assay.
3.2. Virucidal activity of alcohols against dried APMV
The virucidal activities of ethanol, 1-propanol and 2-propanol
were tested on surfaces using various concentrations (10%, 30%,
50% and 70%) for 1 and 5 min  (Fig. 2). Although ethanol-50% and
2-propanol-50% resulted in virus titer reductions, only at concen-
trations of 70% did these biocides result in reductions greater than
4 log10 at 5 min. 1-Propanol was the most efﬁcient tested alcohol,
resulting in reductions in the APMV titer of 6 and 7 log10 at 1 and
5 min, respectively (Fig. 2).
3.3. Activity of commercially available disinfectants against dried
APMV
Among the tested commercially available disinfectants, the
most effective against dried APMV was  the one based on glu-
taraldehyde. Glutaraldehyde-3% decreased the APMV titers to
undetectable levels after 1 min  (Fig. 3A). Glutaraldehyde-0.3%
was also 100% effective after 5 min  (Fig. 3B). Active chlorine-3%
also showed 100% virucidal activity after 5 min. Benzalkonium
R.K. Campos et al. / Journal of Clinica
Fig. 4. APMV stability on an inanimate surface. The stability of dried APMV was
tested in the presence and absence of bronchoalveolar lavage (BAL) ﬂuid from a
healthy patient and in the presence or absence of a solution of sheep erythro-
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myte + BSA (SEB). Stainless steel coupons were placed in Petri plates and stored to
oom temperature for 30 days. Then the virus titers were determined using the
CID50 assay.
hloride-1% demonstrated moderate effectiveness, causing a
ecrease of 5 log10 in APMV titer after 5 min  (Fig. 3).
.4. Stability of dried APMV on inanimate surfaces
To evaluate the stability of dried APMV on a stainless steel
urface, coupons with virus were incubated for 30 days at room
emperature (Fig. 4). The effects of BAL ﬂuid and SEB were tested in
arallel to simulate the presence of organic matter. APMV showed
igh stability in BAL ﬂuid and SEB, exhibiting a decrease in the titer
f approximately 2 log10 after 30 days (Fig. 4). The virus dried with
o organic matter also exhibited considerable stability, decreasing
y 4 log10 after 30 days (Fig. 4).
. Discussion
Surface disinfection plays an important role in the prevention of
any diseases. Compared with viruses in suspension, dried viruses
n inanimate surfaces are usually more resistant to disinfectants.
s APMV is one the most complex viruses and is a putative etiologic
gent of pneumonia,9,10,12 experiments to assess its susceptibility
o disinfectants are relevant. If APMV is conﬁrmed to be an etiologic
gent of pneumonia, these ﬁndings may  have major importance
ith respect to the control of APMV in medical settings and may
mprove biosafety in research laboratories. Although the infectious
ose of APMV is not known, since this was not determined dur-
ng the Bradford outbreak (the only opportunity there has been to
etermine this), the titer of APMV used in the present study was
imilar to what has been published for studies of disinfection to
ther viruses. This study is the ﬁrst, to our knowledge, to evaluate
he virucidal activity of chemical biocides against APMV.
The disinfection comparison with other viruses was  based on
reviously published articles and this study used similar method-
logy to test the disinfection to APMV. Ethanol-70%, the most
ommonly used disinfectant in laboratories, was  effective after a
-min exposure but not after a 1-min exposure, resulting in reduc-
ions of ∼5 log10 and ∼3 log10, respectively (Fig. 2). As observed
ith other viruses,5,17,18 1-propanol was the most effective alcohol
or the inactivation of APMV (Fig. 2). At ﬁrst glance, APMV could be
xpected to be very susceptible to alcohol disinfectants because it
as membrane compounds on its nucleocapsid. Nevertheless, the
ata suggest that APMV is more resistant to alcohol-based disin-
ectants than many other viruses, including a few non-enveloped
iruses, when using similar disinfection methodologies. Hepatitis
 virus and Inﬂuenza A virus H1N1, two enveloped viruses, were
hown to be far more vulnerable to alcohol disinfectants than
PMV under similar conditions.5,19 Murine norovirus, which is a
on-enveloped virus belonging to the family Caliciviridae, was  also
ore susceptible to alcohol disinfectants than APMV under similarl Virology 55 (2012) 323– 328 327
experimental conditions.17 When compared to Vaccinia virus, an
enveloped virus that belongs to the group of nucleocytoplasmic
large DNA viruses (NCLDV), APMV showed signiﬁcantly more
resistance to alcohol disinfectants.18 The relative resistance to
alcohol displayed by APMV could be explained by the complexity
of the virus and the fact that the membranes are located within
many protein layers.
Commercially available products based on glutaraldehyde were
very efﬁcient in inactivating APMV, making glutaraldehyde a good
choice for the inactivation of APMV on inanimate surfaces (Fig. 3).
Glutaraldehyde is also a good choice, according to similar stud-
ies, for other viruses such as V. virus, Hepatitis C virus and M.
norovirus.5,17,18
Active chlorine products had a good efﬁciency and inactivated
APMV, leaving undetectable levels after 5 min  of exposure using the
concentration recommended by the manufacturer (3%) (Fig. 3B).
Benzalkonium chloride was  also effective against APMV at the con-
centration recommended by the manufacturer (1%), reducing the
virus titer by ∼5 log10, although it did not inactivate the virus to
undetectable levels at any of the concentrations and times tested
(Fig. 3).
The results suggest that APMV can remain viable for long peri-
ods of time after drying. This virus exhibited titer reductions of
4 log10 after 30 days without organic matter and 2 log10 after 30
days with organic matter (Fig. 4). Organic matter consisting of bron-
choalveolar and blood components, which simulate blood and lung
contents, diminished the reduction in the number of APMV parti-
cles over time (Fig. 4). Compared with other viruses, APMV appears
to have a greater ability to remain viable for a long period of time.
Hepatitis C virus was  found to remain viable for only approximately
one week under similar conditions.5 The level of survival of dried
APMV on surfaces is apparently similar to that of viruses trans-
mitted by fecal-oral route, such as Hepatitis A virus and Human
rotavirus, which rely on their environmental stability to spread.2
The survival of APMV appears to be especially high when organic
matter is present (Fig. 4).
Future studies of the mimivirus nucleocapsid structure are nec-
essary to help clarify the mechanisms through which disinfectants
inactivate APMV and the mechanisms through which APMV avoids
being inactivated by these disinfectants. However, the data pre-
sented herein may  help health and laboratory workers plan the best
strategy to inactivate this putative pneumonia agent on surfaces
and devices.
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